( 12) INTERNATIONAL APPLICATION PUBLISHKI) UNDKR THK PATKNT COO PK RATI ON TRKATY I PCD 



( 19) World Intellectual Property Organization 
International Bureau 



(43) International Publication Date 
I September 2005 (01.09.2005) 




PCT 



(10) International Publication Number 

WO 2005/079186 A3 



(51) International Patent Class! lien I ion : 
(21) International Application Number: 



K2 IB 43/10 



KT/l IS20O4/0288S8 

<22) International Piling Date: 

7 September 2004 (07.09.20tU) 



(25) Kiting Language: 

(26) Puhlieation Language: 



linglish 
linglish 



(30) Priority Data: 

60/500.435 5 September 2003 (05 .09. 2003) US 

(iu7.SK5.370 2 July 2004 (02.07.2OM > I IS 

f>0/(i()0,679 1 1 August 2004 t 1 1 .08.2004 > t )S 

(71) Applieant {for all designated Slates except US): KN- 
VKNTURK GLOBAL TKCHNOLOCIY, LLC |US/US|; 
16200 A Park Row. Houston. I X 77084 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): SHUSTKR, Mark 
IIJS/USI; 191 15 Prospect Ridge Lane, Houston. TX 77094 
(US). GRAY, Malcolm |US/US|; 1502 Wagon C Jap Trail. 
Houston. IX 77010 (US). CRKKNKURG, (J rigor y 
IIJS/USI; Toledo. Oil (US). COSTA, Scott |US/llsj: 
201 I Willow Point. King wood. TX 77330 (US). SHADK, 



Matt |US/US|; ** (US). PKTLYUK, Alia |IIS/US|: 
Valley Porgc. PA 19482 (US). 

(74) Agents: HAYNKS AND BOONK LLP et al.: 901 Main 
Street. Suite 3100. Ilaynes and Boone. LLP. Dallas. TX 
75202 (US). 

(81) Designated States (unless otherwise indicated, for every 
kind of national protectant available)'. All. AG. AL. AM. 
AT. AU. A/. BA. BB. BG, BR. BW. BY. BZ. CA.CII.CN. 
CO. CR. CI J. C/. Dli. DK. DM. DZ. liC. HI:. IXi. liS. II. 
GB. GD. Gli. Cill. GM. I1R. Mil. ID. IL. IN. IS. JP. KH. 
K(i. KP. KR. KZ. LC. LK. LR. LS. LT. LU, LV. MA. MD. 
MCi. MK. MN, MW, MX. MZ. NA. Nl. NO. NZ. OM. PG. 
PI I. PL. PT. RO. RU.SC. SD. Sit. S(i. SK. SL. SY.TJ.TM. 
TN. TR. TL TZ. 1 1 A. UCi. t IS. I IZ. VC. VN. Yl I. ZA. ZM. 

zw. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARII*0 (BW. Gil, 
(iM. KP!. LS r MW. MZ. NA. SD. SL. SZ. TZ. U(i. ZM. 
ZW). Lurasian<AM. AZ. BY. KG. KZ. MIX RU.T.J.TM). 
liumpean (AT. Bli. BCi. CI I. CY. CZ. Dli. DK. lili. liS. II 
PR. GB. CiR. Illl. Hi. IT. HI, MC. NL. PL. PT. RO. Sli. 
SI. SK. TRh OAPI <BK HI. CI- C(i. CI. CM. OA. GN. 
GQ, GW. ML. MR. NH. SN. I D. TCi). 

Declaration under Rule 4.17: 

— of inventorship ( Rule 4. 1 7( iv)) j\ >r I '.V only 

/Continued on next page I 



(54) Title: liXPANDABLIi TUBULAR 



< 

00 

On 

is 

© 
o 



o 




(57) Abstract: A system tor reducing the coefficient 
of friction between an expansion device and the tubu- 
lar member d urine radial expansion. 



WO 2005/079186 A3 ^ 1111 1 If 1 1 : 1 1 II 1 1 1! I E I:'.! [ I. lilll! ' If T 1 1 1 II I [ HI 1 1 ' I III' T I IM il 1 1 1 'I ill 



Published: 

— with mternatumal search report 

— with amended claims 

(88) Dale of publication of I lie international search report: 

17 November 2005 



Date of publication of the amended claims: l l ) January 2006 

h' t *r tut* -letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the lie gin- 
ning of each regular issue of the /'( 7' Gazette. 



WO 2005/079186 PCT/US2O04/028888 

AMENDED CLAIMS 

received by the International Bureau on 24 October 2005 (24.10.2005) : original claims 1-1369 have been 

replaced by amended claims I - 1 369. 
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743. (Canceled) 

744. (Canceled) 
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746. (Canceled) 

747. (Canceled) 
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748. (Canceled) 

749. (Canceled) 

750. (Canceled) 

751. (Canceled) 

752. (Canceled) 

753. (Canceled) 
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761 (Canceled) 
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765. (Canceled) 
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766. (Canceled) 

767. (Canceled) 

768. (Canceled) 

769. (Canceled) 

770. (Canceled) 

771. (Canceled) 

772. (Canceled) 

773. (Canceled) 

774. (Canceled) 

775. (Canceled) 

776. (Canceled) 

777. (Canceled) 

778. (Canceled) 

779. (Canceled) 

780. (Canceled) 

781. (Canceled) 

782. (Canceled) 

783. (Canceled) 
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784. (Canceled) 

785. (Canceled) 

786. (Canceled) 

787. (Canceled) 

788. (Canceled) 

789. (Canceled) 

790. (Canceled) 

791. (Canceled) 

792. (Canceled) 

793. (Canceled) 

794. (Canceled) 

795. (Canceled) 

796. (Canceled) 

797. (Canceled) 

798. (Canceled) 

799. (Canceled) 

800. (Canceled) 

801. (Canceled) 
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802. (Canceled) 

803. (Canceled) 

804. (Canceled) 

805. (Canceled) 

806. (Canceled) 

807. (Canceled) 

808. (Canceled) 

809. (Canceled) 

810. (Canceled) 

811. (Canceled) 

812. (Canceled) 

813. (Canceled) 

814. (Canceled) 

815. (Canceled) 

816. (Canceled) 

817. (Canceled) 

818. (Canceled) 

819. (Canceled) 
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820. (Canceled) 

821 . (Canceled) 

822. (Canceled) 

823. (Canceled) 

824. (Canceled) 

825. (Canceled) 

826. (Canceled) 

827. (Canceled) 

828. (Canceled) 

829. (Canceled) 

830. (Canceled) 

831. (Canceled) 

832. (Canceled) 

833. (Canceled) 

834. (Canceled) 

835. (Canceled) 

836. (Canceled) 

837. (Canceled) 
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838. (Canceled) 

839. (Canceled) 

840. (Canceled) 

841. (Canceled) 

842. (Canceled) 

843. (Canceled) 

844. (Canceled) 

845. (Canceled) 

846. (Canceled) 

847. (Canceled) 

848. (Canceled) 

849. (Canceled) 

850. (Canceled) 
851 (Canceled) 

852. (Canceled) 

853. (Canceled) 

854. (Canceled) 

855. (Canceled) 
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856. (Canceled) 

857. (Canceled) 

858. (Canceled) 

859. (Canceled) 

860. (Canceled) 

861 . (Canceled) 

862. (Canceled) 

863. (Canceled) 

864. (Canceled) 

865. (Canceled) 

866. (Canceled) 

867. (Canceled) 

868. (Canceled) 

869. (Canceled) 

870. (Canceled) 

871. (Canceled) 

872. (Canceled) 

873. (Canceled) 
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874. (Canceled) 

875. (Canceled) 

876. (Canceled) 
377. (Canceled) 

878. (Canceled) 

879. (Canceled) 

880. (Canceled) 

881. (Canceled) 

882. (Canceled) 

883. (Canceled) 

884. (Canceled) 

885. (Canceled) 

886. (Canceled) 

887. (Canceled) 

888. (Canceled) 

889. (Canceled) 

890. (Canceled) 

891. (Canceled) 
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892. (Canceled) 

893. (Canceled) 

894. (Canceled) 

895. (Canceled) 

896. (Canceled) 

897. (Canceled) 

898. (Canceled) 

899. (Canceled) 

900. (Canceled) 

901. (Canceled) 

902. (Canceled) 

903. (Canceled) 

904. (Canceled) 

905. (Canceled) 

906. (Canceled) 

907. (Canceled) 

908. (Canceled) 

909. (Canceled) 
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910. (Canceled) 

911. (Canceled) 

912. (Canceled) 

913. (Canceled) 

914. (Canceled) 

915. (Canceled) 

916. (Canceled) 

917. (Canceled) 

918. (Canceled) 

919. (Canceled) 

920. (Canceled) 

921. (Canceled) 

922. (Canceled) 

923. (Canceled) 

924. (Canceled) 

925. (Original) An expansion device for radially expanding and plastically deforming the 
tubular member, comprising: 

one or more expansion surfaces on the expansion device for engaging the interior 
surface of the tubular member during the radial expansion and plastic 
deformation of the tubular member; and 
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a lubrication device operably coupled to the expansion surface for injecting lubricant 
into an interface between the expansion surface and the tubular member 
during the radial expansion and plastic deformation of the tubular member 
when a predetermined pressure for lubrication is reached. 

926. (Original) The expansion device of claim 925, wherein the lubrication device comprises 
a pump. 

927. (Original) The expansion device of claim 925, wherein the lubrication device comprises: 

a reservoir operably coupled to the expansion surface for house a lubricant; 
a means for pressurizing the lubricant; and 

a means for injecting the lubricant in the reservoir into the interface when the 
predetermine pressure is reached 

928. (Original) The expansion device of claim 925, wherein the lubrication device comprises: 

a reservoir operably coupled to the expansion surface for house a lubricant; 
a means for pressurizing the lubricant; and 

a valve fluidicly coupled to the reservoir and the expansion surface for injecting the 
lubricant into the interface when the predetermine pressure is reached. 

929. (Original) The expansion device of claim 925, wherein the lubrication device comprises: 

a reservoir operably coupled to the expansion surface for house a lubricant; 
a means for pressurizing the lubricant; 

a pressure enhancer operably coupled to the reservoir to increase the pressure on 

the lubricant in the reservoir; and 
a valve fluidicly coupled to the reservoir and the expansion surface for injecting the 

lubricant into the interface when the predetermine pressure is reached. 

930. (Original) The expansion device of claim 925, wherein the lubrication device comprises: 

a reservoir operably coupled to the expansion surface for house a lubricant; 

a means for pressurizing the lubricant; 

a piston operably coupled to the reservoir; and 

a valve fluidicly coupled to the reservoir and the expansion surface for injecting the 
lubricant into the interface when the predetermine pressure is reached. 
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931. (Original) The expansion device of claim 925, wherein the coefficient of friction between 
the expansion device and the tubular member during radial expansion and plastic 
deformation is less than 0.08. 



932. (Original) The expansion device of claim 925, wherein the coefficient of friction between 
the expansion device and the tubular member during radial expansion and plastic 
deformation is in the range of .02 to 0.05. 



933. (Canceled) 

934. (Canceled) 

935. (Canceled) 

936. (Canceled) 

937. (Canceled) 

938. (Canceled) 
938. (Canceled) 

940. (Canceled) 

941. (Canceled) 

942. (Canceled) 

943. (Canceled) 

944. (Canceled) 

945. (Canceled) 



946. (Canceled) 
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947. (Canceled) 

948. (Canceled) 



949. (Original) The expansion device of claim 925, additionally comprising 

a coating on the expansion device prior to positioning within the tubular member. 



950. (Canceled) 



951. (Original) The expansion device of claim 925, additionally comprising 

a coating on the tubular member prior to positioning the expansion device within the 
tubular member. 



952. (Canceled) 

953. (Canceled) 

954. (Canceled) 

955. (Canceled) 

956. (Canceled) 

957. (Canceled) 

958. (Canceled) 

959. (Canceled) 

960. (Canceled) 

961. (Canceled) 

962. (Canceled) 



963. (Canceled) 



WO 2005/07*) I X(> 



IH I/HS2004/O2SXXS 



964. (Canceled) 

965. (Canceled) 

966. (Canceled) 

967. (Canceled) 

968. (Canceled) 

969. (Original) The expansion device of claim 925, additionally comprising: 

means for injecting lubricant through at least two portions of the expansion device 
between the tubular member and the expansion device at two different 
pressures. 

970. (Original) The expansion device of claim 925, wherein the expansion device, 
comprises: 

a tapered portion with an outer surface; 
internal flow passage in the tapered portion; and 

at least one circumferential groove having a first edge and a second edge having 
with a sliding angle on the outer surface of the tapered portion fluidicly 
coupled to the internal flow passage for receiving lubricant during radial 
expansion and plastic deformation of the tubular member; 

wherein the sliding angle is less than or equal to 3D degrees and the expansion 

surfaces are located on the tapered portion. 

971. (Original) The expansion device of claim 925, wherein the expansion device, 
comprises: 

a tapered portion with an outer surface; 
internal flow passage in the tapered portion; and 

at least one circumferential groove having a first edge and a second edge having 
with a sliding angle on the outer surface of the tapered portion fluidicly 
coupled to the internal flow passage for receiving lubricant during radial 
expansion and plastic deformation of the tubular member; 
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wherein the sliding angle is less than or equal to 10 degrees and the expansion 
surfaces are located on the tapered portion. 

972. (Original) The expansion device of claim 925, wherein the lubricant comprises at least 
nine components selected from the group consisting of: 

a base oil; metal deactivator; antioxidants; sutfurized natural oils; phosphate 
ester phosphoric acid; viscosity modifier; pour-point depressant; 
defoamer; and carboxylic acid soaps. 

973. (Original) The expansion device of claim 925, wherein the expansion device, 
comprises: 

a tapered portion having a tapered faceted polygonal outer expansion surface. 

974. (Original) The expansion device of claim 925, wherein the tubular member has a non- 
uniform wall thickness and the expansion device comprises: 

a tapered portion having a tapered faceted polygonal outer expansion surface. 

975. (Original) The expansion device of claim 925, wherein lubricant is stored in a reservoir 
with electrodes that are electrically coupled a capacitor in the expansion device and is 
injected through at least a portion of the expansion device between the tubular member and 
the expansion device when the capacitors discharges. 

976. (Canceled) 

977. (Canceled) 

978. (Canceled) 

979. (Canceled) 

980. (Original) A method for radially expanding and plastically deforming the tubular 
member, comprising; 

positioning an expansion device having one or more expansion surfaces in the 

interior surface of the tubular member; 
displacing the expansion device relative to the tubular member to radially expand and 

plastically deform the tubular member; and 
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operating a lubrication device to inject lubricant into an interface between the 

expansion surface and the tubular member when a predetermined lubricant 
pressure is reached. 

931 . (Original) The method of claim 980, wherein the a lubrication device comprises a pump. 

982. (Original) The method of claim 980, wherein the lubrication device comprises: 

a reservoir operably coupled to the expansion surface for house a lubricant; 
a means for pressurizing the lubricant; and 

a means for injecting the lubricant in the reservoir into the interface when the 
predetermine pressure is reached. 

983. (Original) The method of claim 980, wherein the lubrication device comprises: 

a reservoir operably coupled to the expansion surface for house a lubricant; 
a means for pressurizing the lubricant; and 

a valve fluidicly coupled to the reservoir and the expansion surface for injecting the 
lubricant into the interface when the predetermine pressure is reached. 

984. (Original) The method of claim 980, wherein the lubrication device comprises: 

a reservoir operably coupled to the expansion surface for house a lubricant; 
a means for pressurizing the lubricant; 

a pressure enhancer operably coupled to the reservoir to increase the pressure on 

the lubricant in the reservoir; and 
a valve fluidicly coupled to the reservoir and the expansion surface for injecting the 

lubricant into the interface when the predetermine pressure is reached. 

985. (Original) The method of claim 980, wherein the lubrication device comprises: 

a reservoir operably coupled to the expansion surface for house a lubricant; 

a means for pressurizing the lubricant; 

a piston operably coupled to the reservoir; and 

a valve fluidicly coupled to the reservoir and the expansion surface for injecting the 
lubricant into the interface when the predetermine pressure is reached. 

986. (Canceled) 



987. (Canceled) 
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988. (Canceled) 

989. (Canceled) 

990. (Canceled) 

991. (Canceled) 

992. (Canceled) 

993. (Canceled) 

994. (Canceled) 

995. (Canceled) 

996. (Canceled) 

997. (Canceled) 

998. (Canceled) 

999. (Canceled) 

1000. (Canceled) 

1001. (Canceled) 

1002. (Canceled) 

1003. (Canceled) 

1 004. (Original) The method of claim 980, additionally comprising 

coating on the expansion device prior to positioning within the tubular member. 
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1005. (Canceled) 

1006. (Original) The method of claim 980, additionally comprising 

coating the tubular member prior to positioning the expansion device within the 
tubular member. 

1007. (Canceled) 

1008. (Canceled) 

1009. (Canceled) 

1010. (Canceled) 
1011 (Canceled) 

1012. (Canceled) 

1013. (Canceled) 

1014. (Canceled) 

1015. (Canceled) 

1016. (Canceled) 

1017. (Canceled) 

1018. (Canceled) 
1018. (Canceled) 

1020. (Canceled) 

1021. (Canceled) 
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1022. (Original) The method of claim 980, wherein the expansion device comprises a 
relatively smooth surface roughness and includes relatively evenly spaced oil pockets. 

1023. (Canceled) 

1024. (Original) The method of claim 980, additionally comprising: 

injecting lubricant through at least two portions of the expansion device between the 
tubular member and the expansion device at two different pressures. 

1025. (Original) The method of claim 980, wherein the expansion device, comprises: 

a tapered portion with an outer surface; 
internal flow passage in the tapered portion; 

at least one circumferential groove having a first edge and a second edge having 
with a sliding angle on the outer surface of the tapered portion fluidicly 
coupled to the internal flow passage for receiving lubricant during radial 
expansion and plastic deformation of the tubular member; 

wherein the sliding angle is less than or equal to 30 degrees and the expansion 

surfaces are located on the tapered portion. 

1026. (Original) The method of claim 980, wherein the expansion device, comprises: 

a tapered portion with an outer surface; 
internal flow passage in the tapered portion; 

at least one circumferential groove having a first edge and a second edge having 
with a sliding angle on the outer surface of the tapered portion fluidicly 
coupled to the internal flow passage for receiving lubricant during radial 
expansion and plastic deformation of the tubular member; 

wherein the sliding angle is less than or equal to 10 degrees and the expansion 

surfaces are located on the tapered portion. 

1027. (Original) The method of claim 980, wherein the lubricant comprises at least 
nine components selected from the group consisting of: 

a base oil; metal deactivator; antioxidants; sulfurized natural oils; phosphate 
ester; phosphoric acid; viscosity modifier; pour-point depressant; 
defoamer; and carboxylic acid soaps. 



i. (Original) The method of claim 980, wherein the expansion device, comprises: 
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a tapered portion having a tapered faceted polygonal outer expansion surface. 

1029. (Original) The method of claim 980, wherein the tubular member has a non- 
uniform wall thickness and the expansion device comprises: 

a tapered portion having a tapered faceted polygonal outer expansion surface. 

1030. (Original) The method of claim 980, wherein lubricant is stored in a reservoir 
with electrodes that are electrically coupled a capacitor in the expansion device; additionally 
comprising: 

charging the capacitor; 

discharging the capacitor through the electrodes; and 

injecting the lubricant through at least a portion of the expansion device between the 
tubular member and the expansion device when the capacitors discharges. 

1031. (Canceled) 

1032. (Canceled) 

1033. (Canceled) 

1034. (Canceled) 

1035. (Canceled) 

1036. (Original) The lubricant delivery assembly of claim 91 1, wherein the lubricant 
injection mechanism is a valve and the lubricant is drilling fluid received in the reservoir. 

1037. (Original) The lubricant delivery assembly of claim 91 1, wherein the reservoir is 
fluidicly connected to drilling fluid used to expand the tubular member, 

the lubricant injection mechanism, comprising 

a pressure accelerator received within the reservoir that separates the drilling 
fluid and the media, 

1038. (Canceled) 



1039. (Canceled) 
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1040. (Canceled) 
1041 (Canceled) 

1042. (Canceled) 

1043. (Canceled) 

1044. (Original) A method of reducing the coefficient of friction between the expansion 
device and the tubular member during radial expansion to less than 0.08, comprising: 

altering at least one of the elements selected from the group consisting of: expansion 
device geometry, expansion device composition, expansion device surface 
roughness, expansion device texture, expansion device coating, lubricant 
composition, lubricant environmental issues, lubricant frictional modifiers, 
tubular member roughness, and tubular member coating. 

1045. (Canceled) 

1045. (Canceled) 

1046. (Original) A lubrication system for lubricating an interface between a first 
element and a second element, comprising: 

a vaporizer proximate to the interface for vaporizing a lubricant to inject the lubricant 
in the interface, 

1 047. (Original) The system of claim 1046, wherein the first element comprises an 
expansion device and the second element comprises tubular member during radial 
expansion and plastic deformation of the tubular member. 

1048. (Original) The lubrication system of claim 1046, wherein the vaporizer 
comprises: 

a reservoir for housing a lubricant; and 

an electric pulse generator to create an electric pulse in the lubricant. 
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1049. (Original) The lubrication system of claim 1048, wherein the electric impulse 
generator comprises: 

at least two electrodes housed in the reservoir; and 

at least one capacitor electrically coupled to the electrode. 

1051. (Original) The lubrication system of claim 1046, wherein the vaporizer 
comprises: 

a reservoir for housing a lubricant; and 

an magnetic pulse generator to create a magnetic pulse in the lubricant. 

1052. (Original) The lubrication system of claim 1051, wherein the electric impulse 
generator comprises: 

magnetic coil housed in the reservoir. 

1053. (Original) The lubrication system of claim 1046, wherein the lubrication system 
additionally comprises: 

an expansion device for positioning in a tubular member; and 
wherein the coefficient of friction between the expansion device and the tubular 
member during radial expansion and plastic deformation is less than 0.08. 

1054. (Original) The lubrication system of claim 1053, wherein the coefficient of friction 
is in the range of .02 to 0.05. 

1055. (Original) The lubrication system of claim 1053, additionally comprising: 

lubricant between the tubular member and the expansion device. 

1056. (Canceled) 

1057. (Canceled) 

1058. (Canceled) 

1059. (Canceled) 



1060. (Canceled) 
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1061. (Canceled) 

1062. (Canceled) 

1063. (Canceled) 

1064. (Canceled) 

1065. (Canceled) 

1066. (Canceled) 

1067. (Canceled) 

1068. (Canceled) 

1069. (Canceled) 

1070. (Canceled) 

1071. (Canceled) 

1072. (Canceled) 

1073. (Canceled) 

1074. (Canceled) 

1075. (Canceled) 

1076. (Canceled) 

1077. (Canceled) 

1078. (Canceled) 
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1079. (Canceled) 

1080. (Canceled) 

1081. (Canceled) 

1082. (Canceled) 

1083. (Canceled) 

1084. (Canceled) 

1085. (Canceled) 

1086. (Canceled) 

1088. (Canceled) 

1089. (Canceled) 

1090. (Canceled) 

1091. (Canceled) 

1092. (Canceled) 



1093. (Original) The lubrication system of claim 1053, wherein lubricant is injected 
through at least a portion of the expansion device between the tubular member and the 
expansion device. 



1094. (Original) The lubrication system of claim 1053, wherein lubricant is injected 
through at least a portion of the expansion device between the tubular member and the 
expansion device when a predetermined lubricant pressure is met. 
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1095. (Original) The lubrication system of claim 1053, wherein lubricant is injected 
through at least two portions of the expansion device between the tubular member and the 
expansion device at two different pressures. 

1096. (Original) The lubrication system of claim 1053, wherein the expansion device 
comprises: 

a tapered portion with an outer surface; 
internal flow passage in the tapered portion; and 

at least one circumferential groove having a first edge and a second edge having 
with a sliding angle on the outer surface of the tapered portion fluididy 
coupled to the internal flow passage for receiving lubricant during radial 
expansion and plastic deformation of the tubular member; 

wherein the sliding angle is less than or equal to 30 degrees. 

1097. (Original) The lubrication system of claim 1053, wherein the expansion device 
comprises: 

a tapered portion with an outer surface; 
internal flow passage in the tapered portion; and 

at least one circumferential groove having a first edge and a second edge having 
with a sliding angle on the outer surface of the tapered portion fluididy 
coupled to the internal flow passage for receiving lubricant during radial 
expansion and plastic deformation of the tubular member; 

wherein the sliding angle is less than or equal to 1 0 degrees. 

1098. (Original) The lubrication system of claim 1053, additionally comprising 

lubricant between the tubular member and the expansion device, comprising at least 
nine components selected from the group consisting of: 
a base oil; metal deactivator; antioxidants; sulfurized natural oils; phosphate 
ester; phosphoric acid; viscosity modifier, pour-point depressant; 
defoamer; and carboxylic acid soaps. 

1 099. (Original) The lubrication system of claim 1 053, wherein the expansion device 
comprises: 

a tapered portion having a tapered faceted polygonal outer expansion surface. 
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1 1 00. (Original) The lubrication system of claim 1 053, wherein the tubular member has 
a non-uniform wall thickness and the expansion device comprises: 

a tapered portion having a tapered faceted polygonal outer expansion surface. 

1 101. (Original) The lubrication system of claim 1053, wherein at least one capacitor 
comprises a capacitor bank. 

1102. (Canceled) 

1103. (Canceled) 

1104. (Canceled) 

1 105. (Canceled) 

1106. (Canceled) 

1 107. (Original) A method for lubricating an interface between a first element and a 
second element, comprising: 

vaporizing a lubricant proximate to the interface to inject the lubricant in the interface. 

1 108. (Original) The method of claim 1 107, wherein the first element comprises an 
expansion device and the second element comprises tubular member during radial 
expansion and plastic deformation of the tubular member. 

1109. (Original) The method of claim 1107, additionally comprising: 

housing a lubricant in a reservoir having an exit passageway; and 
generating an electric pulse in the reservoir, thereby vaporizing the lubricant and 
causing a pressure pulse to force lubricant out of the exit passageway. 

1110. (Original) The method of claim 1 109, wherein the electric pulse is generated by 
discharging a capacitor through electrodes stored in the lubricant. 

1111. (Original) The method of claim 1 1 07, additionally comprising: 

housing a lubricant in a reservoir having an exit passageway; and 
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generating a magnetic pulse in the reservoir, thereby vaporizing the lubricant and 
causing a pressure pulse to force lubricant out of the exit passageway. 

1112. (Original) The method of claim 1111, wherein the magnetic pulse is generated 
by current running current through magnetic coils stored in the lubricant 

1113. (Original) A method of claim 1 070, additionally comprising: 

positioning an expansion device having a first tapered end and a second end at least 

partially within the tubular member, 
displacing the expansion device relative to the tubular member to radially expand and 

plastically deform the tubular member; and 
wherein the coefficient of friction between the expansion device and the tubular 

member during radial expansion and plastic deformation is less than 0.08. 

1114. (Original) The method of claim 1113, wherein the coefficient of friction is in the 
range of .02 to 0.05. 

1115. (Original) The method of claim 1113, additionally comprising: 

injecting lubricant between the tubular member and the expansion device; 

11 16. (Canceled) 

1117. (Canceled) 

1118. (Canceled) 

1119. (Canceled) 

1120. (Canceled) 

1121. (Canceled) 

1122. (Canceled) 



1123. (Canceled) 
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1124. (Canceled) 

1125. (Canceled) 

1126. (Canceled) 

1127. (Canceled) 

1128. (Canceled) 

1129. (Canceled) 

1130. (Canceled) 
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1 1 32. (Original) The method of claim 1113, additionally comprising 

applying a coating on the expansion device prior to positioning within the tubular 
member. 

1133. (Canceled) 

1 1 34. (Original) The method of claim 1113, additionally comprising 

applying a coating on the tubular member prior to positioning the expansion device 
within the tubular member. 

1135. (Canceled) 

1136. (Canceled) 
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1 1 52. (Original) The method of claim 1113, additionally comprising: 

injecting lubricant through at least a portion of the expansion device between the 
tubular member and the expansion device. 



1 1 53. (Original) The method of claim 1113, additionally comprising: 

injecting lubricant through at least a portion of the expansion device between the 
tubular member and the expansion device when a predetermined lubricant 
pressure is met. 



1154. 



(Original) The method of claim 1113, additionally comprising: 
injecting lubricant through at least two portions of the expansion device between the 
tubular member and the expansion device at two different pressures. 
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1 155. (Original) The method of claim 1113, wherein the expansion device, comprises: 

a tapered portion with an outer surface; 
internal flow passage in the tapered portion; and 

al least one circumferential groove having a first edge and a second edge having 
with a sliding angle on the outer surface of the tapered portion fluidicly 
coupled to the internal flow passage for receiving lubricant during radial 
expansion and plastic deformation of the tubular member; 

W h ere j n the sliding angle is less than or equal to 30 degrees. 

1 1 56. (Original) The method of claim 1113, wherein the expansion device, comprises. 

a tapered portion with an outer surface; 
internal flow passage in the tapered portion; and 

at least one circumferential groove having a first edge and a second edge having 
with a sliding angle on the outer surface of the tapered portion fluidicly 
coupled to the internal flow passage for receiving lubricant during radial 
expansion and plastic deformation of the tubular member; 

wherein the sliding angle is less than or equal to 10 degrees. 

1157. (Original) The method of claim 1113, additionally comprising 

injecting lubricant between the tubular member and the expansion device, comprising 
at least nine components selected from the group consisting of: 
a base oil; metal deactivator; antioxidants; sulfurized natural oils; phosphate 

ester; phosphoric acid; viscosity modifier; pour-point depressant; 

defoamer; and carboxylic acid soaps. 

1 158 (Original) The method of claim 1113, wherein the expansion device, comprises: 
a tapered portion having a tapered faceted polygonal outer expansion surface. 

1 159. (Original) The method of claim 1113, wherein the tubular member has a non- 
uniform wall thickness and the expansion device comprises: 

a tapered portion having a tapered faceted polygonal outer expansion surface. 

1 160. (Original) The method of claim 1113, wherein the at least one capacitor 
comprises a capacitor bank. 
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